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Abstract 10 
The present study describes the profile of fatty acids in hind leg muscle of eighteen 11 
female and twelve male nutria reared on an extensive system farm in eastern Poland with a 12 
diet based on fresh forage. When compared to results from nutrias from an intensive 13 
production system from the literature, the forage-fed animals had lower proportions of 14 
saturated fatty acids, and higher proportions of n3-fatty acids in their muscle tissue; in 15 
particular, n6:n3 fatty acid ratios were lower (2.6-3.0) in forage-fed animals as compared to 16 
intensively reared animals (16.8-28.9). These findings underline that using forage-based diets 17 
is feasible in nutrias, and an economic way to improve the fatty acid composition of their 18 
meat. 19 
 20 




1. Introduction 23 
 24 
Meat from intensively fed nutria (Myocastor coypus Mol.) is commonly consumed in 25 
South America (Cabrera, del Puerto, Olivero, Otero, & Saadoun, 2007). In European 26 
countries like Germany or Poland, nutria meat is also produced, but typical diets contain large 27 
amounts of green forage (in summer) and root crops (in winter) (Beutling, Cholewa, & 28 
Miarka, 2008; Głogowski & Panas, 2009). Nutria meat is a valuable raw material for the 29 
preparation of ham or the production of good quality sausages (Lesiów, 1993; Lesiów & 30 
Skrabka-Błotnicka, 1984a, b; 1994). Compared to meats of domestic animals, nutria meat is, 31 
rich in protein and low in fat and cholesterol (Tulley et al., 2000). Saadoun & Cabrera (2008) 32 
report that fatty acids indices of nutria meat fit the recommended scope for human 33 
consumption, but they seem less favourable than those of many other meats in terms of their 34 
low content of polyunsaturated fatty acids (PUFA) and a very high ratio of n6:n3 PUFA, 35 
which is considered not beneficial for human health (Simopoulos, 2002). 36 
The fatty acid composition of tissues depends, to a very large extent, on the diets 37 
animals consume (reviewed in Clauss, Grum, & Hatt, 2007). A pattern found in many 38 
animals, including fish, reptiles, birds and mammals is that animals reared in zoological 39 
gardens usually have lower PUFA levels, and a higher n6:n3 PUFA ratio, than their free-40 
ranging conspecifics; a similar difference can be found between intensively and extensively 41 
kept individuals (Clauss et al., 2007). This difference is due to the different fatty acid 42 
composition of the respective diets: in captivity, and especially in intensive animal 43 
production, diets are often based on grains rich in n6 PUFA, whereas the forages consumed 44 
by herbivorous animals in the wild contain much higher levels in n3 PUFA. Whereas feeding 45 
practice using high-energy grain-based diets is a logical prerequisite for intensive animal 46 
production (to achieve high growth rates), such a feeding regime is not obligatory for a zoo 47 
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setting, and more forage-containing diets have been promoted (Clauss et al., 2007). It has 48 
been repeatedly suggested that feeding animals on forages will lead to meats better suited for 49 
human health. An example of the typical pattern is given in Table 1, where muscle meat of 50 
rabbits (Oryctolagus cuniculus) is compared between free-ranging animals and captive 51 
animals reared on different diets. 52 
Considering the above, we hypothesized that an extensive production system would 53 
improve the nutritional properties of the meat of female and male nutria as compared to the 54 
animals investigated by Saadoun, Cabrera, & Castellucio (2006). Therefore, the aim of our 55 
pilot investigation was to study the content of fatty acids pattern in hind leg muscle of female 56 
and male nutria reared in an extensive feeding system. 57 
 58 
2. Materials and Methods 59 
 60 
2.1. Animals, housing, feeding and sampling 61 
 62 
The experiment was carried out using Greenland nutria: 12 males (approx. 14-month-63 
old, average body weight (BW): 4.1±0.4kg) and 18 females (approx. 16-month-old, average 64 
BW: 3.9±0.3kg) randomly chosen from the population on the farm (in eastern Poland). The 65 
animals were kept in indoor pens without water pools. Their diet was based exclusively on 66 
farm-produced fodder: potatoes and fresh forage. Forage was harvested on a daily basis, 67 
alternating daily between a grass meadow and a clover field. Nutrias were fed twice daily; in 68 
the morning the animals received steamed potatoes ad libitum, and in the evening fresh grass 69 
or clover ad libitum. Food samples were collected and analysed for fatty acid composition 70 
using the method described by Arvidsson, Gustavsson & Martinsson (2009). All animals had 71 
constant access to drinking water. 72 
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For slaughter, animals were stunned using a strong electrical impulse (230V) and bled. 73 
The slaughter, pelting and evisceration processes were carried out in an abattoir on the farm. 74 
All the muscle (ca. 80g; including the Mm. adductor, gastrocnemius, grascilis, pectineus, 75 
rectus femoris, sartorius, semimembranosus, semitendinosus, vastus) from the thigh of the left 76 
hind leg was collected, ground, frozen and stored in hermetically sealed polyethylene bags at 77 
–18ºC until analysis. 78 
 79 
2.2. Saponification and fatty acid extraction 80 
 81 
Nutria thigh muscles were frozen, lyophilized and the residue obtained was stored at -82 
20oC until assayed. The finely powdered biological samples (~25mg) were placed in a vial 83 
and treated with a mixture of 1ml 2 M KOH in water and 1ml 1 M KOH in methanol. The 84 
mixture obtained was flushed with argon for ~4min. The mixture (in a tightly closed vial) was 85 
then vigorously vortexed and heated under argon at ~95oC for 10min, cooled for 10 min at 86 
room temperature and sonicated for 10min. The resulting mixture was protected from the light 87 
and stored overnight in a sealed vial under argon at ~23oC. After overnight storage, 1.5ml of 88 
water was added to the hydrolysate and the solution was again vigorously vortexed. The 89 
solution obtained was acidified with 4 M HCl to ~pH 2 and the free fatty acids (FA) were 90 
extracted four times with 1.5 ml of DCM. To avoid any loss of free FA, the extraction was 91 
repeated 4 times using 1.5 ml of n-hexane. After this procedure, the upper n-hexane layer was 92 
combined with the DCM layer, and the resulting organic phase was dried with ~0.1 g of 93 
Na2SO4. The organic solvents were removed under a stream of argon at room temperature. 94 
The residue was stored at -20°C until used for base and acid-catalyzed methylation. 95 
 96 
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2.3. Preparation of fatty acid methyl esters (FAME) and analysis of FAME by gas 97 
chromatography 98 
 99 
One ml of 2 M NaOH in methanol was added to the residue, then flushed with argon, 100 
and reacted for 1 h at 40oC. After cooling the reaction mixture to ~5oC 1ml of 25% BF3 in 101 
methanol was added, the mixture was then flushed with argon and heated for 1 h at 40oC. To 102 
the cooled reaction mixture 2.5ml of water was added and the fatty acid methyl esters 103 
(FAME) were then extracted with 2.5ml of n-hexane. The supernatant was transferred to a 104 
vial. Separation of FAME was carried out by gas liquid-chromatography coupled with 105 
electron impact mass spectrometry (GC-MS). The analyses were carried out using a 106 
SHIMADZU GC-MS-QP2010 Plus EI equipped with a PX70 fused silica capillary column 107 
(120m x 0.25mm i.d. x 0.25µm film thickness; SHIM-POL). Helium was used as the carrier 108 
gas and was supplied at constant pressure (223.4kPa) with an initial flow rate of 1ml/min. 109 
Injector and detector temperatures were maintained at 200 and 240oC, respectively. The total 110 
FAME profile in a 1-µl sample at a split ratio of 1:10 was determined using a temperature 111 
gradient program as follows: initial 70oC for 4min, then temperature programmed at 12oC/min 112 
to 150oC, held for 6 min, programmed at 8oC/min to 168oC, held for 27min, programmed at 113 
0.75oC/min to 190oC, held for 10 min, programmed at 1.8oC/min to 210oC, held for 15 min, 114 
programmed at 6oC/min to 234oC, held for 4 min, programmed at 6oC/min to 236oC, held for 115 
20 min. The FAME peaks were identified by comparison with the retention times and mass 116 
spectra of known FAME standards. The method for fatty acid identification by mass 117 
spectrometry is described in Czauderna, Kowalczyk, Niedźwiedzka, Korniluk, & Kaszuba 118 
(2008). 119 
 120 
2.4. Statistical analysis 121 
 6 
 122 
Results are presented as means ± standard deviation (SD). Differences between the 123 
sexes were compared using the nonparametric Mann-Whitney U test for comparing 124 
independent experimental groups using Statistica ver. 6. The significance level was set to 125 
0.05. 126 
 127 
3. Results 128 
 129 
Table 2 presents the concentrations of individual fatty acids in the individual diet 130 
items; they were similar to those reported by Arvidsson et al. (2009). Notably, while the 131 
potatoes contained no detectable levels of 18:3n3, the n6:n3 ratio in the fresh forages was 132 
heavily biased towards n3 PUFA as usually found in forages. 133 
The analysis of fatty acids in muscle obtained from female and male nutria showed 134 
that the concentration of total fatty acids (ΣFA) in female muscle tended to greater than that in 135 
male muscle (P=0.10). The concentrations of PUFA and SFA, in female muscle were 136 
consistently numerically higher (P>0.1) than in males; however, only the difference in MUFA 137 
was significant (P=0.04). A lower value of the n6:n3PUFA ratio (P=0.03) was found in the 138 
hind leg muscle of male nutria, together with a higher value for the PUFA/ΣFA ratio (the 139 
tendency: P=0.06; Table 3). 140 
 141 
4. Discussion 142 
 143 
When the proportions of fatty acids in the nutrias of this study are compared to those 144 
from Saadoun et al. (2006) from a production system based on a concentrate diet, and to data 145 
from the capybara (Hydrochoerus hydrochaeris), another large rodent, fed a diet mix of 146 
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concentrates and forage (Table 4), a similar picture as that described in Table 1 for rabbits, 147 
and shown in many other species (reviewed in Clauss et al., 2007), emerges: intensively fed 148 
animals have higher total proportions of saturated FA, higher proportions of linoleic acid, 149 
dramatically lower proportions of linolenic acid, and hence distinctively higher n6:n3 PUFA 150 
ratios (Table 4). Although the higher proportions of unsaturated FA may be a challenge in 151 
terms of antioxidant capacity, the FA composition of forage-fed animals appears much more 152 
favourable in terms of human health (Simopoulos, 2002). As in the case of captive 153 
rhinoceroses (Clauss et al., 2008), the proportion of PUFA was even higher in the intensively-154 
fed nutrias from Saadoun et al. (2006) than in the more extensively-fed animals of this study, 155 
most likely due to the high levels of linoleic acid in concentrates based on grains. 156 
The differences observed in this study between males and females raise the question 157 
whether they reflect different physiological adaptations; however, the most parsimonious 158 
explanation is that they reflect differences in food intake, in particular differences in the 159 
proportions of potatoes and forage ingested. Judged from their muscle fatty acid pattern, one 160 
could hypothesize that females of this study ingested slightly higher proportions of the potato 161 
component in the diet than males. These comparisons indicate that in future studies, the exact 162 
food intake of animals should be measured (e.g. Clauss et al., 2008) or a diet be used that does 163 
not allow selective intake (e.g. Leiber et al., 2008). Nevertheless, it should be noted that 164 
differences between the sexes in this study were of a lesser scope than differences between 165 
the different feeding regimes (Table 4). 166 
 167 
In conclusion, the results of our experiments underline biochemical effects of an 168 
extensive feeding system on the biochemical profile of meat from female and male nutria. 169 
The results of our study revealed that the concentration of ΣFA in muscle of female and male 170 
nutria was higher than that in muscle from an intensive production system (Saadoun et al., 171 
 8 
2006). In fact, the offering of fresh forage may be an easier, and cheaper way to increase the 172 
concentrations of human health-promoting fatty acids in the carcass of farmed nutria than 173 
special dietary supplementation of minerals and vegetable oils, like linseed or fish oil. 174 
 175 
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Table 1. Fatty acid composition of diets used in this study 229 
Diet 
Main fatty acids (mg/kg) 
Potatoes Clover Grass mixture 
∑SFA 51.8 456.1 663.4 
C12:0 nda 1.1 3.8 
C14:0 nd 2.8 9.2 
C16:0 39.8 394.0 592.0 
C18:0 11.9 30.1 34.2 
∑MUFA nd 56.6 203.7 
C16:1n7 nd 19.7 56.2 
C16:1n5 nd 0.1 nd 
C18:1n9 nd 14.6 54.5 
∑PUFA 25.3 1197.0 3302.0 
C18:2n6 25.3 308.6 779.0 
C18:3n3 nd 856.5 2482.0 
ΣFA 77.6 1710.0 4169.0 
n6:n3 ratio ∞ 0.36 0.31 
nd - not detected 230 
231 
 12 
Table 3 231 
The concentrations of fatty acids (mg/100g)a in the hind leg muscle of female (♀) and male (♂) nutria; statistical 232 
comparison by Mann-Whitney U test. 233 
Fatty acids ♀ (n=18) ♂ (n=12) Statistical effect p 
C14:0 68 ± 28 4.9 ± 14 0.07 
C15:0 5.5 ± 3.6 4.8 ± 1.5 0.80 
C15:1 33.1 ± 1.3 19.4 ± 7.7 0.80 
C16:0 381 ± 167 339 ± 77 0.37 
C16:1n9 26 ± 7 76 ± 34 0.19 
C16:1n7 298 ± 140 225 ± 90 0.08 
C17:0 4.6 ± 2.8 4.8 ± 1.5 0.37 
C17:1n8 7.1 ± 4.3 5.4 ± 2.7 0.27 
C18:0 83 ± 30 82 ± 14 0.55 
C18:1n9 373 ± 152 313 ± 111 0.31 
C18:1n7 62 ± 26 48 ± 19 0.09 
C18:2n6 213 ± 80 184 ± 37 0.40 
C18:3n3 (αLNA) 66 ± 41 66 ± 28 0.61 
C20:4n6 (AA) 23 ± 5 17 ± 2 0.001 
C24:0 0.89 ± 0.26 0.70 ± 0.18 0.02 
C22:5n3 8.6 ± 1.8 7.3 ± 0.7 0.02 
C22:6n3 4.1 ± 1.0 3.6 ± 0.5 0.10 
∑FA 1688 ± 610 1374 ± 500 0.10 
∑SFA 544 ± 220 482 ± 153 0.31 
∑UFAb 1143 ± 434 892 ± 355 0.09 
∑MUFA 827 ± 335 612 ± 286 0.04 
∑PUFA 316 ± 124 280 ± 75 0.45 
n6PUFA 236 ± 82 202 ± 56 0.18 
n3PUFA 79 ± 42 77 ± 27 0.99 
PUFA/SFA 0.59 ± 0.29 0.57 ± 0.07 0.47 
PUFA/ΣFA 0.19 ± 0.02 0.21 ± 0.03 0.06 
UFA/SFA 2.07 ± 0.12 1.85 ± 0.19 0.09 
UFA/ΣFA 0.68 ± 0.06 0.64 ± 0.02 0.02 
MUFA/SFA 1.52 ± 0.47 1.27 ± 0.21 0.02 
MUFA/ΣFA 0.49 ± 0.07 0.43 ± 0.05 0.02 




Table 4. Comparison of nutria (and capybara) hind leg muscle fatty acid composition in 235 
animals on different dietary regimes 236 
 Nutria Capybara Nutria 
 concentrate-based1 concentrate/forage2 forage-based3 
 ♀ ♂ without pond with pond ♀ ♂ 
C16:0 26.2 23.6 24.6 22.0 22.6 24.7 
C18:0 13.3 14.4 4.9 3.2 4.9 6.0 
SFA 42.7 42.2 37.7 30.2 32.2 35.1 
       
C16:1 8.4 5.6 2.9 3.1 19.2 17.0 
C18:1 22.3 20.5 30.2 34.0 25.8 26.4 
MUFA 32.3 27.5 34.9 39.1 49.0 44.6 
       
C18:2 19.2 21.7 23.7 26.1 12.6 13.4 
C18:3 0.2 0.0 3.1 3.9 3.9 4.8 
C20:4 3.4 4.4   1.4 1.3 
C22:5 0.2 0.3   0.5 0.5 
C22:6 0.0 0.3   0.2 0.3 
PUFA 25.0 30.3 27.4 30.7 18.7 20.4 
n6PUFA 23.3 27.6 23.7 26.1 14.0 14.7 
n3PUFA 0.8 1.6 3.1 3.9 4.7 5.6 
       
n6:n3 28.9 16.8 7.6 6.7 3.0 2.6 
1 - (Saadoun et al., 2006) 237 
2 - (Girardi et al., 2005) 238 
3 - this study 239 
 240 
